Biotic and abiotic fertilization were of great importance for increasing peanut quality and productivity.
Sulphur is one of the most macronutrients for the plant, so it plays an important role in growth and development of plants being a constituent of three amino acids viz., methionine, cysteine and cystine. Sulphur is also needed for the synthesis of other metabolites like co-enzyme A, biotin, thiamin (Vitamin B1) and glutathione, besides its role in the synthesis of chlorophyll and improves nodulation in legumes. Due to continuous use of high grade of S free fertilizers and intensive cropping, its deficiency has been reported as hidden hunger in many crops, especially pulses. Ahmad and Abdin (2000) demonstrated that high S fertilization increases chlorophyll, and protein contents in fully expanded upper leaves of Brassica juncea L. (mustard) and Brassica campestris L., which implies a better photosynthetic activity in comparison with plants grown without sulphur.
Sulphur is usually required by legumes for protein synthesis as a constituent of three amino acids; cystein, cystine and methionine (ELSaadany and Abd EL_Rasoul, 1999) , contributes in the conformation of enzyme protein and some coenzyme A essential for metabolism (Nassar et al., 2006) , promotes reproductive development and nitrogen fixation and is called a master nutrient for oil seed production (El-Hamzawi, 2000) . Sulphur also increases sugar content of seed (El-Sayed, 2006 ) and favorable increases translocation of carbohydrates through hydrolyzing more glycosides (Azer et al., 2003) . The botanical requirement for sulfur equals or exceeds the requirement for phosphorus. It is an essential nutrient for plant growth, root nodule formation of legumes, and immunity and defense systems. Sulfur deficiency has become widespread in many countries (Ceccotti, 1996; Zhao et al., 1999 and BlakeKalff, 2000) .
Use of Microorganisms as biotic fertilizer, which can either fix atmospheric nitrogen, solubilize phosphate, synthesis of growth promoting substances or by enhancing the decomposition of plant residues to release vital nutrients and increase humic content of soil, will be environmentally begin approach for nutrient management and ecosystem function (Wu et al., 2005) . Of the wellknown biofertilizeres are the microbial inoculants, which applied to seeds or soil in order to increase soil fertility and plant growth. Zahran (1999) reported that, biological Nitrogen fixation represent the major source of N input in agricultural soils including those of arid regions. The major N-fixing systems are the symbiotic systems, which play a significant role in improving soil fertility and productivity of low N-soils.
The Rhizobium-legume symbioses have received most attention and have been examined extensively. Atta et al. (2003) and Mohsen and Saeed (2005) reported that, Rhizobium inoculation significantly increased number of pods/plant, seed number/pod, seeds weight/pod, seeds weight/plant, 100-seed weight as well as seed and straw yield, N, P, K, Mn and Zn uptake of legume plants. These microorganisms, especially those associated with roots, have the ability to increase plant growth and productivity (Kloepper, 2003) . In a few cases, this effect has been suggested to involve solubilization of otherwise unavailable mineral nutrients (Badawi et al., 2011) . In soil, both macro-and micronutrients undergo a complex dynamic equilibrium of solubilization and insolubilization that is greatly influenced by the soil pH and microflora and that ultimately affects their accessibility to plant roots for absorption (Kandil et al., 2008) . Rhizobia are widely used in agriculture for crop improvement because of their ability to fix atmospheric nitrogen. Inoculation of legumes with many selective rhizobia lead to increments in seed yield and nitrogen content (Mekhemar et al., 2005) .
This investigation was carried out to identify the response of peanut (Arachis hypogaea L, cv. Giza 5) to sulphur fertilization at rate of (15, 30 and 45 Kg/fed before sowing) and Rhizobia (Bradyrhizobium japonicum) inoculation, individually or in combination, under sandy soil conditions for determination of the yield criteria, pods yield, 100 seeds yield, seeds & straw yield and shilling percentage at harvest, as well as seed oil, oil yield, protein content and protein yield. The associated amelioration in plant macro and micronutrient contents and uptake, nodulation status (number and dry weight of nodules/plant), nitrogenase, dehydrogenase, CO 2 evolution and total bacterial counts were taking into consideration in this study. By which enable the peanut to tolerate nutrient deficiency and survive, not only by completing its life cycle, but also, by appropriating to be marketing.
Material and Methods

Layout of experimental field
A field experiment was carried out in sandy soil at Ismailia Agricultural Research Station, Ismailia Governorate, Egypt, during the two successive seasons of 2011 and 2012, to identify the response of peanut (Arachis hypogaea L, cv. Giza 5) to sulphur and Rhizobia (Bradyrhizobium japonicum) inoculation, individually or in combination. The experimental design was of randomized complete block with four replicates, where the area of each plot was 10.5 m 2 . The soil samples (0-30 cm) were taken before the performance of the experiment, where some physical and chemical properties were determined using the standard methods according to Black (1965) and Page et al. (1982) .
Rhizobia (Bradyrhizobium japonicum) were provided by biofertilizer production unit, Soils, Water and Environment Research Institute, Agriculture Research Center (ARC), Giza, Egypt. Rhizobium was cultured in yeast mannitol broth medium (Vincent, 1970) , incubated at 28°C for three days on a rotary shaker until early log phase to ensure population density of 4× 10 9 cfu / mL culture. Vermiculite supplemented with 10 % Irish peat was packed into polyethylene bags (300 g carrier per bag), then sealed and sterilized with gamma irradiation (5.0× 10 6 rads). Rhizobium culture was injected into the carrier to 60% of the maxima water holding capacity. Rhizobia (Bradyrhizobium japonicum), a N-fixing bacteria, was used as inoculum, where peanut seeds were mixed gently with inoculant at a rate of 300 g carrier per 60 kg seed, prior to sowing using arabic gum solution (16%) as an adhesive agent.
Elemental sulphur was conducted as 15 Kg S/fed., 30 Kg S/fed and 45 Kg S/fed, singly or in combination with Rhizobia (Bradyrhizobium japonicum) inoculation. As sulphur metal is insoluble in water, so, after application, it should be intensively incorporated into soil, where it is oxidized by soil microorganisms to form SO 4 2-to be available for plants (Stroehlein and Pennington, 1986 ).
All plots received basal doses of phosphorus fertilizer during soil tillage before peanut seeds sowing, at the rate of 30 Kg P 2 O 5 /fed as calcium superphosphate (15% P 2 O 5 ). The potassium fertilizer was added at the rate of 48 kg /fed as potassium sulphate (48% K 2 O), as recommended dose after 35 days from sowing. All tested treatments received 30 Kg N/fed in the form of ammonium nitrate (33.5% N) in two equal doses, one after thinning and the other after one month from sowing.
Seeds of peanut (Arachis hypogaea L) cultivar were provided by Field Crops Research Institute, ARC, Giza, Egypt. Seeds of peanut were inoculated as investigated above and planted on 4 and 9 th of May for the first and second agricultural seasons, respectively, at a rate 60 Kg/fed. Two seeds were in hill and 20 cm spacing, after emergency, plants were thinned to one plant per hill. Other field practices were followed in the usual manner for peanut cultivation. Plants were grown till maturity and harvested. The area of each sample was 1 m 2 . The harvest dates were on 6 and 9 th of September for the first and second seasons, respectively. At harvest (120 days after sowing), agronomic trials were as follows: 100-seeds weight, Pods yield, seeds yield, straw yield and shilling %.
Methods of analyses
For chemical determinations, plants were fine powdered after harvest; wet digestion for dry material was carried out according to Chpman and Pratt (1961) . Nitrogen percentage was determined in peanut seeds by micro Kjeldal method and Seed crude protein percentage was calculated by multiplying N% by 6.25 as described by AOAC (1990) . Phosphorus and potassium percentages were estimated in peanut seeds according to AOAC (1990) . Oil percentage in seeds was determined by Soxlit apparatus and petroleum ether as an organic solvent as described by AOAC (1990) . The atomic absorption spectrophotometer was used to determine Zn, Mn, Fe, and Cu in seeds according to the method described by AOAC (1990) .
Nodulation status, total bacterial counts and activities of some enzymes
After 50 and 80 days from sowing, four plants and their surrounded soil rhizosphere were selected randomly from each treatment and used to determine the following parameters:-Nodulation status and nitrogenase enzyme: Nodules were separated carefully from roots of each plant, counted and weighed, g/plant; used for nitrogenase (N 2 -ase) assay, then dried and weighed. Nitrogenase enzyme (N 2 -ase) activity of nodules was assayed by the acetylene reduction assay (Hardy et al., 1973) . Total bacterial counts were determined in peanut rhizosphere soil according to Holm and Jenson (1972) by plate count technique using soil extract agar medium. Dehydrogenase (DHA) enzyme activity of rhizosphere plants was also determined by the method described by Casida et al. (1964) . CO 2 evolution in peanut rhizosphere soil was estimated according to Allen (1959) .
All data obtained were statistically analyzed according to Gomez and Gomez (1984) .
Results and Discussion
The data obtained was mean of both growth seasons.
General view on the experimental soil
Initial state of the experimental soil is shown in Table 1 , which indicates that sandy soil is characterized by sandy textural grade, with a low content of organic matter and low SP%. The available macro-and micronutrient contents of soil under consideration are lower than the critical limits. Accordingly, the studied soil is suffering from deficient in plant nutrients. Table 2 showed a clearly response of some soil properties, i.e., pH, EC (Electrical conductivity) and ESP (Exchangeable sodium percentage) to the applied treatments, particularly those treated with the highest rates of elemental sulphur of 30 or 45 kg fed -1 , with insignificant differences. That was true, since elemental sulphur can oxidized by many soil microorganisms forming sulphuric acid, leading to frequent reactions with chemical compounds resulting from the microbial activity of Rhizobia (Bradyrhizobium japonicum) itself, consequently such acidic media led to lowering soil pH value. Also, the created sulphuric acid reacts with the native soil CaCO 3 and resulting in CaSO 4 . The latter can be ionized to Ca 2+ and SO 4 2-, which was also reduced soil pH. These results are in agreement with those obtained by (Awadalla et al., 2003) . On the other hand, the released soluble ions of Ca 2+ can be improved soil aggregation, due to a Ca 2+ partial substitution by exchangeable Na + that enhancing the coagulation of Na-separated clay particles and leading to reduce ESP value, which encouraging the formation of small clay domains. Such clay domains are coated with soil humified organic substances, and then forming coarse pores that are increased soil permeability and accelerating leaching of a pronounced content of excess soluble salts, and then reducing EC value. The effective role of microbial activity in combination with applied elemental sulphur for ameliorating soil properties could be interpreted according to many opinion outlined by Bacilio et al. (2003) , Shaban and Omar (2006) and Ashmay et al. (2008) who reported that, rhizobial strains produce several phytohormones (i.e., indole acetic acid and cytokinins) and organic acid. Such products simultaneously improving soil structure, i.e., increasing aggregate stability and drainable pores. Consequently, these created conductive pores enhancing the leaching process of soluble salts through irrigation fraction.
B. Soil available nutrients
In general, the obtained data presented in Table 3 showed that, the beneficial effect of the applied treatments, particularly elemental sulphur at the applied rates of 30 or 45 kg fed -1 , with insignificant differences. That was commonly achieved by lowering soil pH and in turn encouraging the availability of plant essential nutrients, especially phosphorus and sulphur as macronutrients as well as Fe, Mn, Zn and Cu as micronutrients.
The superiority of combined effect of added elemental sulphur as soil application and bio-fertilizer as Rhizobia (Bradyrhizobium japonicum) for the noticeable increment in soil available nutrient contents could be attributed to the pronounced decreases in the values of soil pH, EC and ESP vs the favorable amelioration in soil biological conditions that encouraging the released nutrients from soil native sources in the available forms, as well as easier mobility towards plant roots, and in turn their uptake by plants. In addition, the application of elemental sulphur tend to accelerate the released active inorganic acid (H 2 SO 4 ) that leads to controlling soil availability and mobility of nutrients, which are more sensitive to the undesirable effects of alkaline soil media. Consequently, the applied elemental sulphur to the soil plays an important role for its nutritional status, whether be under demand as strategic storehouse for unavailable native nutrients. In this connection, Mohammed, (2004) interpreted the integrated role of applied elemental sulphur plus bio-fertilizer (Rhizobia), which resulted in more pronounced nutrients availability in the soil, on the basis of lowering soil pH and microbial activity that enhances the solubilization of nutrient from the native and added sources. Moreover, such prevailing conditions enhance the slow release of nutrients during the mineralization processes as well as minimizing their possible lose by leaching. These finding are also in agreement with Kaplan et al. (2005) , who reported that, a potential strategy to enhance nutrients availability is the lowering soil pH that can be achieved through application of acid-producing fertilizers like sulphure-containing materials. Table 4 showed that, using any rate of sulphur fertilizer have an alleviating effect on deleterious effect caused by nutrients deficiency, resulting in a significant increase in yield and yield components of peanut. The rate of 45 Kg S/fed was the most effective one, where the relative increases in 100-seed weights and pods yield reached 8.47, likewise, 8.60 compared to the control. The positive effect of sulphur as a fertilizer, may be due to lowering soil pH and increasing nutrients availability through its oxidation by soil microorganisms to sulphuric acid or sulphate rises and exerts a positive effective on soil characters (Table 1) , which reflected on the crop yield and its biochemical characters (El-Hamzawi, 2001 , Azer et al., 2003 and Nassar, 2007 . Sharma and Gupta (1991) found that, the increases in biomass yield with higher S doses may be due to the positive response of plant to applied S, which promotes vegetative growth, starch and seed formation. Also, the increased supply of photosynthates to peanut pods would likely provide an opportunity for seeds to grow to their full size with an obvious increase in seed yield. The results are in accordance with those obtained by Ahmed et al. (2011) . Table 4 cleared that, Rhizobium inoculation resulted in further promotion of the estimated parameters for both growing seasons as compared with the control, since the percentage of increases in seed and straw yield rose to 14.55% compared to control treatment. In this respect, Sprent and Faria (1988) revealed that, Rhizobium is a major group of heterotrophic N 2 -fixing organism which invades roots of legumes. Ishac (1988) found that, Rhizobium leguminosarum had the effect of fixing nitrogen with leguminous plants. Abdel-Aziz et al. (1989) ascribed such effect to N 2 -fixation and production of growth promoting substances. Similar results were obtained by Habib et al. (2010) .
Data of
It could be concluded from data of Table 4 that, Rhizobia inoculation even singly took an action and gave the highest yield and its attributes, when it combined with sulphur, the yield was magnified till 45 Kg S/fed, the yield and its attributes were significantly surpassed. This was true for both growing seasons. These results were agreed with those obtained by Abd EL-Fattah and Arisha (2000), who attributes the positive response of plants to the favorable effect of Rhizobia on plant growth, nitrogen fixation, number of pods/plant and seed yield.
In fact, plant growth promoting rhizobacteria have been shown to greatly improve the productivity and quality of many legumes, when they inoculated with rhizobia (Mekhemar et al., 2007; Abdel-Wahab et al., 2008; Kandil et al., 2008; Dileep-Kumar et al., 2001; Vessey and Buss, 2002) . Rhizobacteria produced a lot of promoter substances such as auxin, vitamins B group and flavonoids like substances resulting in promotion of initiation and performance of nodulation as well as creation of more infection sites on the hairs and epidermis (Parmar and Dadarwal, 1999; Gage and Margolin, 2000 and Verma et al., 2010) .
Nutritional status Macronutrients content and uptake
The presented data in Table 5 showed that, amendment of soil with S with different rates owing to a significant improvement in macronutrients concentration and uptake in peanut seeds throughout the two growing seasons, as compared with the control treatment. However, dose of 45 Kg S/fed exceeded the other doses in ameliorating the deleterious effect of nutrients deficiency on the concentrations and uptake of essential elements in peanut tissues, grown under such severe conditions. The relative increases in N concentrations and uptake reached 15.67% compared to control treatment. The positive effect of S may be due to decreasing soil pH and increased nutrients uptake and availability to experimental plant (Azer et al., 2003; Cui and Wang, 2005) .
Dealing with rhizobia inoculation, it led to significant increases in P concentrations and uptake in seeds by 22.19% compared to control. Also, similar trends were found for N & P concentrations and uptake in peanut seeds for both growing seasons. In this context, Dashti et al. (1997) suggested that, the promoting mechanism of growth and nitrogen fixing bacteria included direct and indirect effects; the direct one, include an increase in the mobilization of insoluble nutrients followed by enhancement uptake by the plants, production of plant growth regulators and stimulants for plant growth and development; the indirect effect includes positive effect on symbiotic nitrogen fixation by improvement of root nodule number and mass. These results confirmed with (Mohamed et al., 2001 Atta et al., 2003 and Monged et al., 2004 . With respect to interaction between rhizobia inoculation and sulphur supplements, statistical analysis clarified high significant increase for N, P and K concentrations and uptake in seeds in both growing seasons. The highest impact was inducted under rhizobia inoculation + 45 Kg S/fed addition, since the relative increase in K concentrations rose to 38.03% compared to control treatment. The positive impacts of sulphur may be due to improving soil physical and chemical properties conducted with improvement biological characters and fertility status via rhizobia inoculation. Both complementary actions led to enhancement the availability of most essential nutrients in soil, the plant will accumulate more nutrients to reach the balance between cations and anions, which push the plant to give higher dry matter and longer roots enable more absorption levels, assimilation rates and biochemical processes in whole plant organs (Marchner, 1998) .
Micronutrients content and uptake
Data in Table 6 declared that, adding sulphur to soil significantly increased micronutrients content and uptake in seeds in both growing seasons as compared without sulphur application. Application 45 Kg S/fed was the most effective rate than others, where the percentage of increases in Fe and Zn were 15.68 and 19.91%, respectively. That sulphur application rate was produced significant increases for Fe & Zn uptake by about 28.65 and 32.24%, respectively.
Effect of elemental sulphur on the availability of micronutrients was studied by many investigators. They explained the indirect effect of sulphur in soil by its conversion to sulphuric, which has a solvent action for several important micronutrients (Makary, 2002) . Yousry et al. (1984) found that, DTPA extractable Fe and Mn increased after applying Sulphur. Abd El-Fattah and Hilal (1985) reported that, use of sulphur as soil amendment would in case of Fe, Mn, Zn and Cu deficient soil, increase the availability of those nutrients and evoke a plant response. Regarding rhizobial inoculation of peanut seeds, results in Table 6 showed a pronounced significant increase in micronutrients content and its uptake in seeds for the two growing seasons. The relative increases in Mn content and uptake was 24.94 % as compared to control. These results are in harmony with those of (Atta et al., 2003; Monged et al., 2004) . Furthermore, the highest content and uptake in peanut seeds were inducted when Rhizobium inoculation was associated with sulphur, especially at 45 Kg S/fed for both growing seasons. The relative increase for Cu content was 29.66% as compared to control.
Bio-chemical components of peanut seeds
Results at Table 7 revealed that, crude protein, protein yield, oil percent and oil yield were significantly increases due to sulphur application rate up to 45 Kg S/fed, since the relative increases in crude protein and protein yield reached to 15.66% as compared to S-free application. The positive role of sulphur fertilizer might be due to the fact that, sulphur is an integral part of sulphurcontaining amino acids (cystein, cytstine and methionine), hence, improved protein as well as oil synthesis in peanut seeds (Tamak et al., 1997) . Likewise, sulphur is usually required by legumes and is called a master nutrient for oil and seed production (Nassar, 2007 and Salimpour et al., 2012) . Sulfur is absorbed by plants roots from soil as sulfate and transported as a phosphate ester. Sulfate is reduced to sulfide via sulfite before it is incorporated into cysteine and other organo-sulfur compounds. SO 4 2− → SO 3 2− → H 2 S → cysteine → methionine (Pronk et al., 1990) . Ligha and Giri (1999) reported that, increases in oil content by sulphur application might be attributed to involvement of sulphur in the biosynthesis of oil. The higher oil yield by sulphur addition was obviously because of higher seed yield and oil content. Similarly, Rhizobium inoculation produced significant improvement in the estimated parameters for both growing seasons, where the relative increases in oil percent reached 13.63% as compared to control. Concerning the combined treatment with sulphur, data showed that, motivation of Rhizobium was highly pronounced, when combined with S fertilizer at rate of 15, 30 and 45 Kg S/fed. The application of Rhizobium accompanied with 45 Kg S/fed gave the highest significant increases in all studied parameters, since the relative increases in oil yield rose to 56.62 and 57.87%, at the first and second season, respectively. Regarding to N-fixing bacteria, the important nitrogenase enzymes contains an Fe-Mo-S cluster, is a catalyst that performs the important function of nitrogen fixation, converting atmospheric nitrogen to ammonia that can be used by microorganisms and plants to synthesize proteins, DNA, RNA, alkaloids, and the other organic nitrogen compounds necessary for plant life (Lippard and Berg, 1994) . The yield, quality and uptake of nutrients by black gram improved favorably with increasing levels of S as well as in combination with Rhizobium, this significant increase in these parameters might be due to better nutritional environment due to Rhizobium and S application. Since S is essential for S containing amino acids and plays a vital role in regulating the metabolic and enzymatic process including photosynthesis, respiration and symbiotic N fixation. Whereas the positive effect of Rhizobium might be due to its beneficial effect on N fixation and better root development (Kumar and Singh, 2009; Singh et al., 2005) .
The improvement in plant growth and nutrient uptake upon rhizobial inoculation may be attributed to the several mechanisms such as biological nitrogen fixation (Chanway and Holl, 1991) , synthesis of siderophores, compounds that chelate iron from soil, making it available to the plant, (Kloepper et al., 1986 and Verma et al., 2010) , solubilizing minerals, or synthesis of plant hormones, such as auxins or gibberellins, (Probanza et al., 2001) or plant hormone regulators, such as 1-aminocycloprophane-1-carbxylate deaminase (Glick, 1995 and Glick et al., 1995) , an enzyme that decrease endogenous concentrations of ethylene and disease suppression and their coordinated expression were responsible in enhancing plant growth , and nutrient uptake of legumes (Dey et al., 2004 and Tilak et al., 2005) .
F-Nodulation status and nitrogenase (N 2 -ase) activity
Effect of sulphur application and Rhizobia (Bradyrhizobium japonicum) individually or in combination as a bio-fertilizer and their impact on nodulation status; number of nodules and its dry weights (mg) per peanut plant and nitrogenase (N 2 -ase) activity after 50 and 80 days of sowing were showed in Table 8 . Rhizobia inoculation improved nodules number and its weighed /plant as well as N 2 -ase activity of peanut roots, also enhanced total bacterial counts and dehydrogenase enzyme activity in peanut rhizosphere soil after 50 and 80 days from planting under field conditions compared to uninoculated peanut. These results are in accordance with Massoud et al. (2008) who stated that, inoculation with rhizobia induced significant increases in number of nodules/plant, dry weight of nodules/ plant and nitrogenase activity after 75 days from sowing. Also, Akhtar and Siddiqui (2009) showed that, inoculation of Rhizobium prompted significant increases in growth, yield and the number of nodules per root system compared to control plants. The recorded results due to uninoculated plants were acceptable even they were lower than the other inoculated treatments. This behavior could be due to the positive role of native bacteria among several decades ago (Radwan et al., 2007) .
G-Biological activity of soil
Effect of sulphur application and Rhizobia (Bradyrhizobium japonicum) individually or in combination as a biofertilizer and their influence on soil biological activities after 50 and 80 days of sowing were showed in Table 9 . Data obtained revealed that, sulphur application and Rhizobia resulted in significant enhancements of dehydrogenase, CO 2 evolution and total bacterial counts over control. The influence of dual application (45 Kg S/fed + Rhizobia) was significantly higher over single S application at the same level. These results was in harmony with those obtained by Mahmoud et al. (2007) who reported that, Rhizobia (Bradyrhizobium japonicum) combined with organic amendments have more response and enhanced the soil biological activity in terms of increasing total bacterial and cyanobacterial (S. platensis) counts, CO 2 evolution, dehydrogenase and nitrogenase activity. It was also reported that, bacteria can be incorporated into soil as organic matter and also as a source of enzymes as they produce extracellular acid and alkaline phosphatases that are active in solution or located in the periplasmatic space of the cell wall. Both biomass exopolysacchraides incorporated into soil, induced a growth promotion of other microorganisms and increased the activity of soil enzymes that participate in the liberation on nutrients required by plants (Caire et al., 2000) . The current data was in agreement with the findings of Laloknam et al. (2006) , who reported that, organisms that thrive in hyper saline environments possess specific mechanisms to adjust their internal osmotic pressure. Soil salinity, one of the major abiotic stresses reducing agricultural productivity, affects large terrestrial areas of the world; application of recent developed functional tools for the development of salt-tolerant crops is recommended (Yamaguchi and Blumwald, 2005) . One such mechanism is the use of Rhizobia (Bradyrhizobium japonicum), which has the ability to accumulate compatible low-molecular weight organic solutes such as glycine and betaine (Kempf and Bremer, 1998) .
Root activity and microbial metabolism may serve as sources of CO 2 in soil, the pH value of such soil will be low and the soil becomes acidic. Besides, NH4
+ could be created as a result of N-fixing Rhizobia; it undergoes biological transformation in the soil and form acid forming nitrate ions. Similarly, sulphur also produces acid forming sulphate ions through oxidation. Also, ammonium sulphate could be produced in rhizisphere, ultimately low pH. The increased concentration of CO 2 , hydrolysis of acid salts and various organic acids increased the total acidity of soil. During organic matter decomposition, humus, organic acids and different acid slats may also be produced. Grover et al. (2015) demonstrates that CO 2 influence the richness, composition and structure of soil microbial community and the influence is more on active microbial communities and in the vicinity of roots. High C: N ratio under CO 2 favors nutrient acquisition ability and biological nitrogen fixers. Sellamuthu and Govindawamy, (2003) reported that bacterial, fungal and actinomycetes population were increased with application of bio-organics and influenced the dehydrogenese activity. The increase in population may be due to presence of humic acid in root zone, which favors the microbial growth in the rhizosphere. The principal direct effects exhibited by humic onto living organisms include an increase in biomass accumulation, nutrient uptake, biosynthesis, antiviral activity (Cacco et al., 2000) . The indirect effects are mostly provided by the bio-organic release from organic compounds driven changes in environmental conditions such as bioavailability of some nutrients salts balance, physical, chemical soil properties such as structure of soil, aeration, drainage, water retaining capacity and soil temperature (Hopkins and Stark, 2003) . Abou-Zeid and Bakry, (2011) concluded that, bacterial inoculation, generally, enhanced the soil biological activity in terms of increasing microbial counts, CO 2 evolution, dehydrogenase and nitrogenase enzyme activities. This increase of the soil biological activity increased the soil fertility, in turn that is reflected positively on the crop production. These increases may attribute to the N 2 -fixing bacteria inoculation promote microbial activity of all another microbes in rhizosphere zone and consequently increased biological activity in soil (Tantawi, 2006) . Inoculation of peanut seeds with Rhizobium improved nodulation status (Nodules number and dry weight/plant), nitrogenase (N 2 -ase) activity of peanut roots and enhanced microbial counts and dehydrogenase (DHA) enzyme activity in rhizosphere soil of peanut after 50 and 80 days from planting compared to the untreated control (Khalifa et al., 2013) .
Conclusion
It could be concluded that, in newly reclaimed sandy soil, the combined treatment of 45 kg S/fed.+Rhizobium (Bradyrhizobium japonicum) inoculation (300 g carrier per 60 kg seed; with bacterial population density of 4× 10 9 cfu / mL culture) was the optimal treatment and effective strategy for improving peanut (Arachis hypogaea L, cv. Giza 5) yield and its components. Data indicated that the individual and combined treatments of Rhizobium and sulphur showed a positive role on soil characteristics, i.e., pH, EC, ESP and available nutrient contents (N, P, K, Fe, Mn and Zn) were increased with increasing the applied Rhizobium and sulphur rate. Also, joint application of Rhizobium and sulphur resulted in maximum values of soil biological parameters followed by the individual treatments of Rhizobium and sulphur, respectively. The enhancements of dehydrogenase, nitrogenase, CO 2 evolution and total bacterial counts over control were relatively higher in all treatments, especially that of rhizobial inoculation. This may be due to, addition of sulphur to soil fertilized by the recommended doses of NPK causes a series of chemical transformations leads to accumulation of organic matter, that alleviates soil characters favor rhizobium growth and activity, which in turn, owe to optimal nitrogen fixation and production of huge beneficial compounds favors total microbial counts and bioactivities, which reflected positively on peanut crop, resulting in significant increases in its yield, yield components and its chemical composition. Finally, reflected positively on biological activities of the treated soil and improvement the quality and quantity of peanut crop.
Recommendation: Application of the dual treatment of 45 kg S/fed + Rhizobium (Bradyrhizobium japonicum) inoculation (300 g carrier per 60 kg seed; with bacterial population density of 4× 10 9 cfu / mL culture) was the optimal treatment and effective strategy for improving peanut (Giza 5) yield and its components in newly reclaimed sandy soil at Egypt, considering the recommended doses of NPK and the usual recommended practices of peanut. 
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